Studies on Thomomys and Peromyscus, among others, have confirmed that karyotypic variation in mammals is often reflected in genome size variation. We used flow cytometry to estimate genome sizes from 91 individuals of the karyotypically variable Graomys griseoflavus complex from Argentina. Our samples represented 16 populations and included 2 ostensibly reproductively isolated forms. The mean genome size (2C value) for all populations, 5.72 pg Ϯ 0.34 SD of DNA, was low for mammals, and the range was greater than observed in previous studies on Geomys, Thomomys, and bats. Two groups of populations were identified that differed in mean genome size. A high-genome-size group consisted of 2 populations in San Juan Province with a mean genome size of 7.38 Ϯ 0.53 pg. These populations occupied the most arid part of the Monte Desert. A small-genome-size group included the remaining 14 populations that mostly occupied a broadly distributed, continuous habitat and possessed lower genome sizes with a mean of 5.62 Ϯ 0.56 pg. Population means in this group ranged from 2C ϭ 4.97 to 6.51. Previous studies have shown the existence of 2 reproductively isolated and karyotypically differentiated species within the G. griseoflavus complex. The high-genome-size group seems to correspond to the species with 2n ϭ 42 (G. centralis) and the low-genome-size group to the species with 2n ϭ 36-38 (G. griseoflavus). Flow cytometry is a potentially useful method to rapidly assess differentiation among populations of the G. griseoflavus complex.
The order Rodentia is remarkable among mammals for exhibiting great karyotypic variation within and among species (Patton and Sherwood 1983) . Studies on Thomomys Sherwood and Patton 1982) , Peromyscus (Deaven et al. 1977) , and others have confirmed that karyotypic variation often is reflected in genome-size variation. Those studies found notable differences in intraspecific or interspecific cellular DNA content directly related to variation in heterochromatin. Therefore, estimation of genome size is potentially a rapid method of identifying kar-* Correspondent: j-bickham@tamu.edu yotypic differentiation among populations or cryptic species (Bickham 1983; Murphy et al. 1997) . Flow cytometry has been shown to be an accurate and convenient technique to assess DNA content from large numbers of individuals (Bickham 1990) . Flow cytometry has been used for stock identification in fish Bickham 1991, 1992; , in genotoxicity studies of wildlife populations (Bickham 1990; Bickham and Smolen 1994) , and in evolutionary studies of birds (Tiersch and Wachtel 1991) and mammals Gallardo et al. 1999; Ruedas et al. 1993) . Comparative cytogenetic studies have been conducted on a relatively few species of South American rodents. However, previous studies have shown substantial variation in karyotypes and genome sizes. For example, studies on Auliscomys (Walker et al. 1992) , Akodon (Bianchi et al. 1983) , Phyllotis (Walker et al. 1991) , and Ctenomys (Gallardo and Palma 1992; Ruedas et al. 1993) found intraspecific and interspecific variation in DNA content. We examined genome sizes in the Graomys griseoflavus species complex from 16 populations in Argentina. The members of this complex are common, easy to collect, and broadly distributed throughout Argentina, Bolivia, Paraguay, and central Brazil. They are ecologically versatile, being adapted to live in several arboreal and terrestrial habitats (Nowak and Paradiso 1983) . Chromosomal and genic studies have confirmed the existence of 2 karyotypically differentiated and reproductively isolated cryptic species within the complex. One form possesses 2n ϭ 42 and is found in the Espinal region. The other form usually possesses 2n ϭ 36-38 (although some lower diploid numbers have been observed) and is found primarily in the Monte Desert and southern Espinal (Pearson and Patton 1976; Tiranti 1998; Zambelli et al. 1994) . Although hybrids are produced in some crosses, Theiler and Blanco (1996a, 1996b) concluded that the 2 forms represented distinct species because of the presence of well-developed premating and postmating isolating mechanisms. Thieler (1997) and Theiler et al. (1999) examined the taxonomic status of these populations and concluded that the form with 2n ϭ 42 should be considered G. centralis and the form with 2n ϭ 36-38 should be considered G. griseoflavus. Genic studies have shown that genetic identities between the 2 species are as high as those within species, thus indicating a recent diversification between the 2 (Theiler and Gardenal 1994; Theiler et al. 1999) . Karyotypically, the 2 forms differ by fixation of at least 2 and sometimes 3 centric fusions. The species with 2n ϭ 42 is the ancestor of the species with 2n ϭ 36-38, based on distribution of certain repetitive DNA elements (Zambelli and Vida-Rioja 1995) . Our objectives were to determine if DNA content differentiation has occurred in parallel with karyotypic differentiation in the G. griseoflavus complex and investigate use of flow cytometry as a rapid method for identification of cryptic species. (CML 3543, 3544, IADIZA 4873, 4875) . Tissues (kidney and spleen) were removed from the specimens, frozen in liquid nitrogen, and subsequently stored in an ultracold freezer at Ϫ80ЊC.
MATERIALS AND METHODS
Samples were prepared for flow-cytometric analysis by the method of Vindelov et al. (1983) . Tissues were disrupted gently in a dounce, and cell membranes were lysed with nonionic detergent. Cytoplasm was digested with trypsin, and the resulting nuclear suspension was stained with propidium iodide for Ն 15 min before analysis. Mean DNA content of 10,000 cells in the G1/G0 (2C DNA content) peak was estimated from each individual on a Coulter Profile II flow cytometer using a 488-nm argon laser. Nuclei, which exhibited high amounts of light scatter (side scatter) and presumably had cytoplasm sticking to them, were gated out of the analysis to increase accuracy. Fluorescent microspheres (DNA Check, Coulter Corp., Miami, Florida) were used to align the flow chamber and the laser. Whole blood from a chicken (Gallus gallus) was used as an external standard (2C ϭ 2.5 pg- Rasch et al. 1971; Tiersch and Chandler 1989) to calibrate measurements. A ratio between mean DNA content and 2C values of the rodent and the chicken was established to determine the unknown 2C value of the rodent. The 2C value of the rodent was caluclated as the product of the mean channel of the rodent G1/ G0 peak and the 2C value (2.5 pg) of the chicken, divided by the mean channel of the chicken G1/G0 peak. The mean peak value of the chicken was adjusted to about channel 25 of the pulse height analyzer using the gain and voltage controls to the photomultiplier tube of the detector.
Data were analyzed statistically using SAS 6.11 for Windows (SAS Institute Inc. 1995). Mean DNA content was listed with corresponding location for each individual. A t-test was used to determine if males and females differed significantly in genome size, and the general linear models procedure was performed to assess variation among populations. If differences were found among groups, a Duncan's multiple range test was used to identify groups of populations that differed in genome size (P Յ 0.05).
RESULTS
According to a t-test (P Ͼ 0.05), males did not differ from females, allowing us to group sexes. Males and females were expected to differ by about 2% to 3% in DNA content because the 2nd X chromosome of females is larger than the Y chromosome of males in most mammalian species. However, that difference could be masked by high levels of variation in autosomal heterochromatin, or possibly the Y chromosome is larger in G. griseoflavus than in typical mammals. Mean DNA content among all individuals was 5.73 pg (Ϯ 0.3 SD) and ranged from 4.0 to 8.2 pg. The general linear models procedure indicated significant variation in mean DNA content among populations (P Ͻ 0.0001). Duncan's multiple range test differentiated populations into 2 groups (Fig. 2) . A large-genome-size group consisted of 2 populations in San Juan province, including Las Tumanas (locality 2, Fig. 1 ) and Pedernal (locality 3). That group had a mean genome size of 7.38 Ϯ 0.53 pg. A small-genomesize group included the remaining 14 populations in San Juan, Mendoza, San Luis, Santiago del Estero, and Catamarca provinces and had a mean genome size of 5.62 Ϯ 0.56 pg.
DISCUSSION
The mean of the small-genome-size group of the G. griseoflavus complex (5.62 Ϯ 0.56 pg) is rather low among placental mammals. The range of genome size was greater than observed in previous studies on Geomys , Thomomys , and Neotropical bats . A value of about 7 pg is usually considered to be typical and has been reported in a number of species from various orders including the house mouse (Mus musculus) and human (Homo sapiens- Kraemer et al. 1972) , and is close to the value observed in the high-genome-size group of the G. griseoflavus complex (7.38 Ϯ 0.53 pg). However, 7 pg might not be the ancestral genome size of placental mammals because marsupials and xenarthrans, both of which can be considered as outgroups for the remainder of the placental orders, have considerably higher genome sizes. Mean genome sizes among 3 species of marsupials and 5 species of xenarthrans were 10.38 Ϯ 0.30 pg and 10.43 Ϯ 2.89 pg, respectively (Ruedas 1992) . Thus, the overall trend in evolution of genome sizes among mammals seems to have comprised a gradual reduction from the high values observed in marsupials and xenarthrans, to the 7-pg value observed in several orders. Extensive studies of bats (Chiroptera), have documented a further decrease in genome size. reported a mean genome size of 5.43 Ϯ 0.51 pg for 29 species of Neotropical bats. Ruedas (1992) reported mean genome sizes of 5.53 Ϯ 0.63 pg for 31 species of Pteropodidae, 5.61 Ϯ 0.32 pg for 14 species of Phyllostomatidae, and 5.19 Ϯ 0.41 pg for 30 species of Vespertilionidae. The low value reported here for the smallgenome-size group within the G. griseoflavus complex is comparable to values reported in bats and perhaps this represents specialization or differentiation. The small genome sizes of bats have been explained as possibly being associated with high metabolic requirements of flight and the physiologic advantages of small cell size that directly result from small genome size Novacek and Norell 1989; Ruedas 1992) . A similar functional explanation for the small-genome-size group in the G. griseoflavus complex is not obvious.
Variation in genome size is great within the G. griseoflavus complex. The overall range (4.01-8.22 pg) represents a complete doubling of DNA content and is the greatest range yet reported for any mammalian species. The fact that intermediate values are observed indicates that this is not a change in ploidy level that has been observed in only 1 species of mammal (Gallardo et al. 1999) . The individual with the lowest genome size comes from the population with the lowest mean genome size (San Luis, La Calera), and the individual with the highest value comes from the population with the highest mean (San Juan, Las Tumanas).
The high-genome-size group (Las Tumanas and Pedernal) occupies the most arid part of the Monte Desert. Most of the small-genome-size group comprised populations inhabiting a large distributional range of rather continuous habitat. Populations at Choya and Poman (populations 16 and 13, respectively; Fig. 1 ) occur in the isolated Bolson de Pipanaco, but their isolation has not been accompanied by genome-size divergence. However, the population from Tudcum (population 1; Fig. 1) , is located in a bolson that is largely separated from other populations by 2 mountain ranges, the Sierra de Volcan to the north and the Sierra Negra to the south. A narrow passage into the bolson is along the Rio Jachal. Among the small-genome-size group, this population has the highest mean genome size (6.53 Ϯ 0.12 pg).
Previous studies have shown that 2 reproductively isolated, cryptic species occur that differ in karyotypes. One taxon has 2n ϭ 42, and the other has 2n ϭ 36-38. Although we have not examined genome sizes from any of the populations for which karyotypes have been reported in the literature, preliminary karyologic data are available from 3 of our sites including Tudcum (San Juan Province, population 1), Reserva Telteca (Mendoza Province, population 11), and Poman (Catamarca Province, population 13). All of these are 2n ϭ 36 and belong to the small-genome-size group. The high-genome-size group likely corresponds to the 2n ϭ 42 karyotypic form. The Las Tumanas (San Juan Province) population (population 2; Fig. 1 ) is closest to the populations with 2n ϭ 42 in La Rioja Province (Tiranit 1998; Zambelli et al. 1994 ).
The most likely explanation for the evolution of genome sizes in the G. griseoflavus complex is that the ostensibly derived species (2n ϭ 36-38) has evolved from the progenitor species having 2n ϭ 42 by a series of centric fusions to reduce the diploid number (Zambelli and Vidal-Rioja 1995) . This was accompanied by a parallel reduction of DNA content, which is consistent with the observations of a reduction in number of nucleolar organizer regions (Zambelli and Vidal-Rioja 1996) and certain repetitive elements in the DNA of the taxon with 2n ϭ 36-38 (Zambelli and Vidal-Rioja 1995) .
Additional studies should be done to confirm that the high-and low-genome-size groups correspond to the taxa with 2n ϭ 42 and 2n ϭ 36-38, respectively. If this relationship between genome sizes and karyotypes is well established, then flow cytometry will provide a rapid and inexpensive procedure to more fully map out distributions of these 2 cryptic species.
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